Introduction {#sec1-1}
============

Age estimation in children and adolescents is of paramount importance in clinical as well as in forensic practice. Clinically, orthodontists assess dental maturity through the calcification stages of tooth and analyze diagnostic performance of skeletal maturation as it is crucial in treatment planning.\[[@ref1][@ref2]\] In forensic context, virtually, no age is immune from medicolegal scrutiny, with children as young as 4 years of age and people as old as 70 years of age being come for a medicolegal opinion.\[[@ref3]\] The need for age estimation in various situations has been constantly increasing, particularly in developing countries, as most births are not properly recorded and birth records are often not well maintained.\[[@ref4]\]

In living individuals, particularly in children and adolescents, age estimation is required for criminal or civil reasons or to determine if individual in question is under aged or not.\[[@ref5][@ref6]\] In India, children who are rescued from child labor are often brought upon by the authorities for forensic age estimation. Indian population has more than 17.5 million working children in different industries, with estimated total number of child labor aged 5--14 to be at 12.6 million.\[[@ref7][@ref8]\] As per the Article 24 of the Indian constitution, a child below 14 years shall not be employed to work in any factory or mine or engaged in other hazardous employment.\[[@ref4]\] According to the Indian Adoption Law, child may be aged between 1 and 12 years but not more than 12 years.\[[@ref9]\]

At times, when proper documents such as birth certificates are not available, authorities seek for medical opinion from a forensic expert. The Study Group on Forensic Age Diagnostics suggested examination of three independent development systems in combination to increase diagnostic accuracy of age assessment.\[[@ref6]\] Several growth parameters are utilized such as skeletal, dental, anthropological, and psychological. Among these, the most frequently used methods in children and adolescents are radiographic examination of teeth and hand-wrist.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\] Of all, dental development is probably the frequently used method as it is thought to be the less variable measure than eruption, unique nature of incremental formation, and periodic mineralization, unaffected by factors such as malnutrition or premature loss of primary teeth, and is more resistant to environmental insults.\[[@ref15]\]

Various techniques are developed which defined mineralization stages of teeth in radiographs; among them, the most commonly utilized method was first published by Demirjian *et al.*\[[@ref10]\] It has gained wide acceptance and applied to various populations.\[[@ref16][@ref17][@ref18]\] The applicability of this method was also tested in Indian population, in which it showed overestimation of age and further raised debate among researchers regarding its application to Indian children.\[[@ref17][@ref19]\] Later in 2006, Cameriere *et al.* developed new method that measured the open apices in tooth roots.\[[@ref20]\] It was reported that this method is more accurate than other methods for age estimation among 6--13 age groups.\[[@ref21][@ref22]\] Balla *et al.* tested the accuracy of three age estimation methods, in which Cameriere method showed greater accuracy in south Indian sample followed by Willems and Demirjian\'s method.\[[@ref23]\]

Till date, children from different corners of the world were trafficked for forced labor, domestic work, begging and often were trafficked for sexual exploitation. As per the National Human Rights Commission report, the population of women and children in sex work is stated between 70,000 to one million, of these 30% are 20 years of age, 15% entered this work when they are below 15 years of age, and 25% between 15 and 18 years of age.\[[@ref24]\] From Hyderabad, South India, around 200--350 children, mostly boys aged between 4 and 12 years, employed at bangle-making factories and footwear workshops were rescued.\[[@ref25][@ref26]\] Forensic age estimation was carried out to obtain opinion about age of these children, and they were sent to children homes for rehabilitation. This further increases the demand of having a population-specific formula suitable for Hyderabad population for age estimation in children belonging to 10--15 years of age group. Although some studies\[[@ref9]\] validated the applicability of Cameriere method in the Indian population, this study is aimed to develop regression formulae for growing children of Hyderabad population, keeping in mind the variation of dental maturation across different regions of same country.\[[@ref27]\]

Subjects and Methods {#sec1-2}
====================

Study population {#sec2-1}
----------------

Orthopantomographs of 200 healthy children (99 girls and 101 boys) aged between 10 and 15 years were collected retrospectively \[[Table 1](#T1){ref-type="table"}\]. The radiographs were taken as a part of routine dental checkup and treatment from those who visited Panineeya Institute of Dental Sciences and Research Centre, Hyderabad. The chronological age (CA) of each individual was calculated by subtracting date of exposure of radiograph from date of birth. Digital images of the radiographs were taken and later, they were uploaded into computer and analyzed using a computer-aided drafting program Adobe photoshop (Adobe systems incorporated, San Jose, California, USA). Radiographs with inadequate quality for assessment, signs of gross pathology, hypodontia, and previous history of orthodontic treatment were excluded from the study. Ethical approval was obtained from Institutional Ethics Committee (PMVIDS and RC/IEC/OMFP/PR/0062-15).

###### 

Age and sex distribution of the sample

  Age groups (years)   Boys   Girls   Total
  -------------------- ------ ------- -------
  10                   18     16      34
  11                   20     18      38
  12                   18     14      32
  13                   27     15      42
  14                   14     20      34
  15                   4      16      20
  Total                101    99      200

Measurements {#sec2-2}
------------

Except third molars, all lower left permanent mandibular teeth were examined as per the method which is fully explained by Cameriere *et al.*\[[@ref20]\] Teeth with the completely closed apical ends of the roots (N~0~) and those with incomplete root development with open apices were also examined. For teeth with open apices, the distance between the inner sides of the open apex was measured (A~i~, being *i* the number of the element). For those teeth with two roots (*i* = 6 and 7), the sum of the distances between the inner sides of both apices was calculated. To avoid distortions by possible differences in magnification and/or angulation, the measure A was divided by the tooth length (L~i~) so that x~i~= A~i~/L~i~. The measures obtained were used to estimate CA, according to the following European formula:

Age = 8.971 + 0.375g + 1.631 × 5 + 0.674N~0~ − 1.034s -- 0.176s ⋅ N~0~ (1)

where g is a variable, 1 for boys and 0 for girls; ×5 = A5/L5; N~0~ = number of teeth with closed apices; and s = sum of normalized open apices (s = x~1~ + x~2~ + x~3~ + x~4~ + x~5~ + x~6~ + x~7~).

Statistical analysis {#sec2-3}
--------------------

For each subject, all the morphologic variables were recorded and then entered into Excel file to use them as possible predictive variables for age estimation. All the measurements were carried out by two observers independently. Assessment of both inter and intra observer reliability was checked on a sample of 30 radiographs after an interval of 1 month, and the intraclass correlation coefficient was analyzed.

The sample was randomly categorized into two datasets, i.e., validating dataset and test dataset but stratified on age and gender \[[Table 2](#T2){ref-type="table"}\]. Multiple linear regression model with first order interactions was developed using the variables that significantly contributed to age estimations according to stepwise selection method. Original formula of Cameriere *et al.*\[[@ref20]\] was applied into the validating dataset. The test dataset was used to verify the constructed South Indian prediction formula. To compare the age prediction performances, the error of the age prediction was defined as the difference between the dental age (DA) and the CA (DA − CA). For calibration purposes, the mean differences of DA and CA were expressed to quantify the direction of the error (overestimation or underestimation) and the absolute differences of DA and CA, to quantify the magnitude of the error. Paired sample *t*-test was applied to assess the significances of the difference between DA and CA for the two formulas. Statistical analysis was performed with SPSS 13.0 statistical program (SPSS Inc., Chicago, IL, USA) with significant threshold set at 5%.

###### 

Distribution of study sample into sets

  Sample                Gender   Total   
  --------------------- -------- ------- -----
  Validating data set   51       49      100
  Test data set         50       50      100
  Total                 101      99      200

Results {#sec1-3}
=======

There were no statistically significant differences observed for both interobserver (*P* = 0.354) and intraobserver findings, which were carried after an interval of 1 month (*P* = 0.257 and *P* = 0.253 for two examiners).

Following the results reported in Cameriere study,\[[@ref20]\] subject\'s age was modeled as a function of the morphological variables and the results showed that not all the variables used for the European model were significant predictors of age in the South Indian sample. Regression analysis of the variables revealed intercept and sum (s) as the significant predictors of the age \[[Table 3](#T3){ref-type="table"}\]. The results showed the variables contributed significantly to the fit, yielding the following linear regression formula for the South Indian population:

###### 

Stepwise regression analysis, predicting the chronological age for South Indian children

              *B*      SE      *t*      *P*
  ----------- -------- ------- -------- ---------
  Intercept   14.117   0.178   79.498   \<0.001
  Gender      0.010    0.239   0.130    0.895
  Sum         -1.735   0.181   -9.601   \<0.001
  N0          0.016    0.174   0.128    0.898
  x5          -0.289   1.986   -1.538   0.127
  s.N~0~      -0.099   0.246   -0.448   0.655

s.N~0~: Interaction between variables s and N~0~, SE: Standard error

Age = 14.117 − 0.01g − 1.732W3 + 0.016N~0~ − 0.289 × 5 − 0.099.s.N~0~ (2)

Substitution of the variables in Eq. 2 explained 88.3% (*R*^2^ = 0.883) of the total deviance. The mean (standard deviation \[SD\]) CA for boys is 12.61 years (1.39 years). As per the Cameriere formula (Eq. 1), the mean DA for boys is 11.11 years (1.51 years), and according to South Indian formula (Eq. 2), the mean DA is 12.47 years (1.21 years). For girls, the mean CA is 12.97 years (1.69 years). The mean DA is 11.43 years (1.35 years) according to the Cameriere formula and 12.77 years (1.23 years) according to South Indian formula. The accuracy of the results obtained for both formulae in terms of accuracy is shown in [Table 4](#T4){ref-type="table"}. The distribution of results into the age cohorts is shown in [Table 5](#T5){ref-type="table"} and Graphs [1](#F1){ref-type="fig"}ߝ[4](#F4){ref-type="fig"}.

###### 

Summary of mean differences in years between chronological age and dental age European and South Indian formula

  Formula                Gender   *n*   CA (SD)        DA (SD)        DA-CA (SD)     95% CI of DA-CA   *P*\*\*
  ---------------------- -------- ----- -------------- -------------- -------------- ----------------- ---------
  Cameriere formula      Boys     51    12.61 (1.39)   11.11 (1.51)   −1.50 (1.19)   −1.83-−1.16       \<0.001
  South Indian formula   50             12.47 (1.21)   −0.14 (0.86)   −0.36-−0.085   0.217             
  Cameriere formula      Girls    49    12.97 (1.69)   11.43 (1.35)   −1.54 (1.31)   −1.92-−1.16       \<0.001
  South Indian formula            50                   12.77 (1.23)   −0.20 (1.11)   −0.44-−0.04       0.107

\*\*Paired *t*-test. CA: Chronological age, DA: Dental age, SD: Standard deviation, CI: Confidence interval

###### 

Mean differences in years between the dental age and the chronological age from European and the South Indian formula per age category of 1 year

  Age group (years)   Boys   Girls                                                                                                  
  ------------------- ------ --------------------- --------------------- --------- ---- --------------------- --------------------- ---------
  10                  9      −1.51 (−2.25-−0.78)   0.04 (−0.64-0.72)     \<0.001   8    −1.27 (−1.95-−0.58)   0.08 (−0.49-0.65)     \<0.001
  11                  10     −0.97 (−1.69-−0.26)   0.41 (−0.24-1.07)     \<0.001   10   −0.58 (−1.54-0.38)    0.43 (−0.08-0.94)     0.004
  12                  9      −1.17 (−2.09-−0.26)   0.03 (−0.49-0.56)     \<0.001   7    −0.75 (−1.92-0.41)    0.48 (−0.12-1.09)     0.002
  13                  14     −1.43 (−2.09-−0.77)   −0.29 (−0.63-0.04)    \<0.001   7    −1.31 (−2.08-−0.52)   0.02 (−0.41-0.45)     \<0.001
  14                  7      −2.11 (−3.05-−1.15)   −0.71 (−0.88-−0.55)   0.009     9    −2.21 (−2.73-−1.68)   −0.84 (−1.01-−0.66)   \<0.001
  15                  2      −3.86 (−18.2-10.55)   −1.42 (−1.59-1.75)    0.328     8    −3.17 (−3.82-−2.52)   −1.35 (−1.56-−1.14)   \<0.001

\*\*Paired samples *t*-test. Between parentheses, 95% CIs of DA−CA. CIs: Confidence intervals, CA: Chronological age, DA: Dental age
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According to the Cameriere formula, the obtained DA was found to be underestimated which is statistically significant (*P* \< 0.001) with a mean difference of 1.50 years in for boys. For girls, it was underestimated with a mean difference of 1.54 years which is statistically significant (*P* \< 0.001). Similarly, the DA was underestimated with a mean difference of 0.14 years for boys and 0.2 years for girls and the difference between both the genders was not found statistically significant (*P* = 0.217 and *P* = 0.107).

Mean differences in years with 95% confidence intervals for age cohorts in both genders are shown in [Table 5](#T5){ref-type="table"}. In the Cameriere formula, the mean difference between the CA and estimated DA was less than a year per age group was seen only in 11 and 12 years of age group for boys and girls. However, in South Indian formula, the difference of less than a year was seen all the age groups, except 15 years for both genders. The distribution of mean values of absolute differences for all the age groups and both genders is presented in [Table 6](#T6){ref-type="table"}, Graphs [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}.

###### 

Mean absolute differences in years (dental age-chronological age) between the dental age and the chronological age from Cameriere formula and the South Indian formula per age category of 1 year

  Age group (years)   Boys   Girls                                                                
  ------------------- ------ ------------- ------------- ------- ---- ------------- ------------- -------
  10                  9      0.72 (0.18)   0.69 (0.17)   0.804   8    0.61 (0.21)   0.54 (0.16)   0.574
  11                  10     0.94 (0.17)   0.96 (0.13)   0.693   10   1.33 (0.29)   0.81 (0.15)   0.073
  12                  9      0.98 (0.22)   0.56 (0.12)   0.004   7    1.32 (0.21)   0.85 (0.13)   0.018
  13                  14     0.97 (0.14)   0.53 (0.06)   0.016   7    0.71 (0.16)   0.41 (0.11)   0.053
  14                  7      0.68 (0.36)   0.57 (0.06)   0.181   9    0.66 (0.22)   0.64 (0.07)   0.030
  15                  2      2.36 (1.13)   1.28 (0.25)   0.004   8    1.63 (0.27)   1.15 (0.08)   0.085

\*\*Paired samples *t*-test. Between parentheses. SE of the absolute difference. SE: Standard error
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Discussion {#sec1-4}
==========

Age estimation in childhood can be performed very accurately as great number of age-dependent morphological variables, such as skeletal and dental system, are available. However, at the end of skeletal growth and development, only a few variables such as third molars and hand wrist bones remain to be used for age estimation, thereby limiting the accuracy of the methods applied.\[[@ref28]\] Selecting a good method for age estimation in forensic practice is important to fulfill the specific demands in ongoing investigations. A valid age estimating method is both accurate and precise ascribing to no bias and small SD.\[[@ref29]\] Accuracy refers how close the estimated DA is closer to CA. An accurate method has no bias, which means that the mean difference the DA and CA is zero or close to zero and the SD of the mean difference of DA and CA refers to the precision or reliability of the estimated age.\[[@ref28][@ref29][@ref30]\]

Rai *et al.* in their study mentioned that values of European sample could not be applied to Indian one, and a new formula is necessary that must account differences between Central/North and South India.\[[@ref9]\] They further necessitated to apply Cameriere formula to a new Indian sample to study the effects of nutrition factor. In the present study, Cameriere formula (Eq. 1) fitted on validating dataset of 100 children from Hyderabad (South Indian) population. Based on the results using step-wise regression analysis and variables contributing significantly to the fit, a linear regression formula (Eq. 2) for South Indian was acquired. Later, this new prediction formula was fitted on a test dataset of 100 South Indian children to ascertain whether the new formula could improve the age assessment over Cameriere formula.

For boys, as per the Cameriere formula, the mean DA was underestimated by the range of −1.17--−3.86 years for all age groups, except 11 years which underestimated by −0.97 years. According to the South Indian formula, the mean DA was underestimated by range of −0.29--−1.42 years for age groups 13, 14, and 15, whereas it was overestimated by the range of 0.03--0.41 years for 10, 11, and 12 age groups. The mean differences for the South Indian formula were significantly better than those of Cameriere formula for all age groups except 14 and 15 years. For girls, according to the Cameriere formula, the mean DA was underestimated for all age groups ranging from −0.58 years to −3.17 years. As per the South Indian formula, the DA was underestimated for 14 and 15 years of age groups, whereas it was overestimated by range of 0.02--0.48 years from 10 to 13 years of age groups.

Cameriere *et al.* in their study proposed that the estimated DA in younger children could be more accurate than that in older children.\[[@ref20]\] Findings in our study are in accordance to Cameriere *et al.* When South Indian prediction formula (Eq. 2) applied to older children (15 years age group), for boys, the mean DA was underestimated by −1.42 years by the range of differences from −1.59 to 1.75 years. For girls, the mean DA was underestimated by −1.35 years with the range of differences from −1.56 to −1.14 years. This significant decrease in accuracy in this age group attributed to the near-complete maturation of the teeth.

In this study, Cameriere formula produced 32% of absolute residuals (difference between DA and CA) falls within the range of ± 1 year and 18% of absolute residuals falls within the range of ± 0.5 years \[[Table 7](#T7){ref-type="table"}\]. The South Indian prediction formula produced the results with 72% of residuals falls within the range of ± 1 year and 35% of absolute residuals falls within the range of ± 0.5 years. In a country as large as India, factors such as nutrition, social, and ethical probably influence children\'s growth. Although South Indian formula had shown near-accurate estimation of real ages of individuals in this study, still it is advisable to reinforce recommendations to verify whether regional background, gender, CA distribution of sample represent major factors controls accuracy and reliability in subadult DA assessment.

###### 

Comparison of extent of deviation of dental age from chronological age using European and South Indian formula

  Range of difference (years)   European formula, *n* (%)   South Indian formula, *n* (%)
  ----------------------------- --------------------------- -------------------------------
  ±0.5                          18 (18)                     35 (35)
  ±1                            32 (32)                     72 (72)

Conclusion {#sec1-5}
==========

It can be concluded from the present findings that newly derived population specific formulae were fairy accurate compared to Cameriere\'s European formulae. Although South Indian formula had shown near accurate estimation of real ages of individuals, still it is advisable to reinforce recommendations to verify whether regional background, gender, chronological age distribution of sample represent major factors which controls accuracy and reliability in sub adult dental age assessment.
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